Artificial insemination (AI) in goat is currently limited by the poor fertility obtained following the cervical insemination with frozen-thawed semen. The objective of the present study was to determine the efficiency of frozen semen use in two different breeding ages at Saanen goats. The effects of synchronization and fertility rates were also examined. Ninety-eight (98) Saanen goats were divided into two groups: Group-1 = 49 (7-months-old) and Group-2 = 49 (19-month-old) does. Estrus was synchronized by impregnated intravaginal sponges (30 mg; fluogestone acetate, FGA), and i.m. administration of 50 µg of cloprostenol (PGF2α) and pregnant mare serum gonadotropin (PMSG, 500 IU), at 48 h before sponge removal. Cervical fixed time AI was carried out with frozen semen 43 h after removal of the sponges during the breeding season. Estrus was detected by teaser buck. The occurrence of estrus in Group-1 and Group-2 were 71.4%, 63.3%, respectively (p>0.05). Sixty-six (66) goats were inseminated with frozen-thawed semen. The pregnancy rate was determined by abdominal scanning. Pregnancy rates were (Group-1: 31.4%, Group-2: 32.3%) not differed significantly between age groups (p>0.05). Besides, higher lambing rates were obtained in Group-1 (145.5%) than in Group-2 (90.0%) due to increased prolificacy and reduced embryonic failure. In conclusion, Saanen goats in younger ages, starting from the 7 months old age could be included in the breeding programs and could provide several benefits such as higher percentages of synchronization success and prolificacy.
INTRODUCTION
Goats play a crucial role due to their high tolerance to heat stress and harsh conditions for many rural communities. In contrast to other ruminants, they are able to convert limited forages and crops into meat, skins and milk easily. The growing demand for goat milk, cheese, yogurt and ice cream triggers the foundation of a new industry, pioneering of novel marketing methods and improving research. However, recent developments in assisted reproductive technology such as artificial insemination (AI) in the small ruminant industry cannot provide adequate success for breeders. Despite the various methods including surgical or non-surgical inseminations that are being used in both primiparous and multiparous goats, success rates are limited by the poor fertility (Leboeuf et al. 1998 , Cognie et al. 2003 , Purdy et al. 2009 , Kulaksiz et al. 2012 ).
The success of AI contains various stages such as age, health, semen collection and storage, estrus detection and mainly the insemination technique (Leboeuf et al. 2000 , Arrebola et al. 2012 , Yeni and Gundogan 2018 . Associated with our study, insemination techniques are classified into two types, surgical and non-surgical (Althouse 2007) . Cervical insemination is noninvasive and a low-cost technique that can be counted in non-surgical part. However, the complexity of the cervical anatomy of small ruminants is the primer limit of success rates in this method. It is performed by transferring the semen into the cervix with the aid of an adequate catheter and speculum. An adequate catheter and selection of does affect the advance of the catheter in the cervical rings and thereby the depth of semen deposition into the cervix, which leads to higher pregnancy rates (Leethongdee and Ponglowhapan 2014) . For this purpose, the breeding age of does can be related to the success rate of this AI technique. In line with this hypothesis, in anatomical research, the length of the cervix showed a variance regarding the age and previous pregnancy status in ewes and does (Hyacinth et al. 2016) . In another study in goat, it has been stated that multiparous does have longer cervix length than primiparous ones, that favors deeper penetration and it could be associated with elevated pregnancy rates due to the depth of semen deposition in the genital tract (Intrakamhaeng et al. 2011). Salomon and Maxwell (1995) has reviewed various studies in ewes and concluded that lambing rates increased with the depth of insemination. However, to the best of our knowledge, the relationship between cervical AI success and age has not been investigated in Saanen goats. Therefore, we aimed to determine this relationship by performing a cervical AI by using frozen-thawed buck semen in Saanen goats at different breeding ages.
MATERIAL and METHODS

Animal Maintenance and Selection
This study was conducted at the private farm in Seferihisar, (38º: N, 26º: E) İzmir/Turkey. Ninetynine Saanen goats, at 7 or 19 months of age, were selected by their final evaluation score. The animals were maintained under the constant nutritional regime, dehydrated alfalfa; mineral salts and water were provided adlibitum.
All animals were selected where the following criteria meet: The one with at least 2.75 body condition score, average body weight between 50-55 kg, showed at least 3 visible regular (21 days) estrus cycle and confirmed by ultrasound examination of the reproductive tract before the hormonal treatment. This study was conducted according to ethical laws and regulation of Ankara University Animal Experiments Local Ethics Committee.
Estrus Synchronization
Forty-nine primiparous and forty-nine nulliparous Saanen goats were synchronized according to Lebouef et al. (2007) , during the breeding season. All animals were treated with an intra-vaginal sponge (30 mg fluogestone acetate, FGA) for 11 days, intramuscular injection of 500 IU pregnant mare serum gonadotropin (PMSG), and 50 μg prostaglandin F2alpha (d-cloprostenol, Juramate) were administered 48 hours before the sponge removal.
Estrus Detection
Estrus was detected with a teaser buck 24h after the sponge removal. Behavioral and physiological changes were examined according to following criteria; the females that does not have standing heat and one more estrus sign (tail wagging, cervical mucus, urination) have been discarded from the insemination program.
Semen assessment and AI
Semen samples were imported commercially from Capgenes, France. A total of 66 frozen semen straws from three different bucks were used. Frozen semen samples were thawed at 37°C for 30 sec., gently dried, placed into insemination gun and kept not more than 5 min before use. All the does were restrained by two technicians gently and perianal disinfection is done before the insemination. The hindquarters of does were raised over a rail, and semen was deposited as deeply as possible into the cervix through a speculum fixed with a light source. Timed artificial inseminations were performed at 43-45 hours from sponge removal.
Pregnancy detection
Does were positioned in dorsal recumbence and monitored abdominal ultrasound with using a 7.5
MHz linear probe (Esaote, Lab-One, Italy) 30 days after insemination and kidding rates were recorded.
Statistical analysis
Chi-square analysis was performed to test the significance of the difference between pregnancy status and date of birth. In all analysis p<0.05 was considered as statistically significant. All statistical analysis was performed using SPSS for Windows 14.1.
RESULTS
The success rate of synchronization was recorded as 71.4% in Group 1, 63.3% in Group 2 and there was no significant difference between the age groups (p>0.05). Likewise, the overall pregnancy rate was found 31.8% and similar pregnancy rates were obtained in Group 1 and Group 2 as 31.4%, and 32.3% respectively (p>0.05) (Table 1) .
A total of 25 offspring were obtained from 21 pregnant does, six twin pregnancies in Group 1, one triple pregnancy in Group 2, four early embryonic losses (one in Group 1 and three in Group 2) and one false pregnancy in Group 2 were detected owing to the use of ultrasonography. Overall lambing rate was 119.0%. Although there was no statistically significant difference between the groups lambing rate was higher in Group 1 (145.5%) than Group 2 (90.0%) ( Table 2) . False pregnancy 0 -1 10.0
DISCUSSION
In order to obtain the maximum reproductive efficiency, does should be bred as soon as they reach their sexual maturity. Thus, it is essential to establish a breeding program considering the specific time of the birth that the offspring could reach the puberty at the beginning of the breeding season. The success of the synchronization followed by the pregnancy outcome depends on many factors including the reproductive history of the females. Nulliparity, primiparity and multiparity, hence, the age of the animal could affect the reproductive outcome.
In the present study, the effect of age on fertility was investigated. Although the pregnancy rates were similar between the nulliparous and primiparous goats, the efficiency of synchronization was numerically higher in younger animals (p>0.05).
Variation of the response to the synchronization due to the difference in the ages of does has been documented by several researchers (Sanwal et al. 1983 , Mellado et al. 2000 , Romano et al. 2000 , Whitley and Jackson 2004 . Although some protocols have led to higher superovulation rates in younger females (Sanwal et al., 1983) , other methods such as teasing have not been effective in young, postpubertal animals (Mellado et al. 2000) . In a study conducted by Romano et al. (2000) , the fertility of the multiparous does were found highest followed by the nulliparous females, while the lowest was observed in primiparous does, on the contrary to prolificacy rates.
Another factor that plays a role in the success of synchronization is the type of hormonal product used. Motlomelo et al. (2002) compared the fertility of the ninety does synchronized with controlled internal drug (progesterone)-releasing device (CIDR), Methyl acetoxy progesterone (MPA) or FGA for 16 days and found that the estrus rates were highest in CIDR group (100%) and lowest in MAP group (93%), however, the lowest conception rates were obtained in CIDR group (46.7%) while it was highest in FGA group (60%). Despite the variables such as the duration of progesterone treatment, breed, age and the semen processing, in the present study, 67.3% of the does FGA treated does have shown visible estrus signs, ranging from 71.4% to 63.3% regarding the age groups of the animals. Thus, it can be concluded that FGA is a more reliable choice of progesterone derivate in younger does.
As studied by many researchers, the fertility of the females is depended on several factors. The breed, the age of the animals ( Hill et al. 1998) , the processing of semen that is being used (Donovan et al. 2001 , Hill et al. 1998 , Ehling et al. 2003 , Fernandez-Abella et al. 2003 ) and the method of insemination (Salamon and Maxwell 1995 , Moses et al. 1997 , Anel et al. 2005 , Donovan et al. 2001 , King et al. 2004 , Szabados 2006 , Perkins et al. 1996 , Yamaki et al. 2003 ). In the present study, cervical inseminations were performed by using frozen-thawed semen and similar pregnancy rates were obtained in Group 1 and Group 2 as 31.4% and 32.3% respectively. In comparison with other researches, this rate was acceptable (Karatzas et al. 1997 , Donovan et al. 2001 , Stanimir et al. 2016 . Donovan et al. (2001) have compared the pregnancy rates of six different breeds of ewes after the cervical insemination with frozen-thawed semen. Surprisingly, the pregnancy rates were varied from 18% to 77%, and from these results, it was obvious that the bred has a major effect on the pregnancy outcome of the inseminations. In another study, the pregnancy rate was found 44% when the choice of the method was cervical inseminations (Donovan et al. 2004) , although laparoscopic insemination method has yielded 71.6% (Hill et al. 1998) . Despite the higher pregnancy rates obtained with laparoscopic insemination method, it is an invasive and highly expensive method in which many equipment and expert labor need. Furthermore, concerns about animal welfare limit the application of this method.
When the effect of age was focused regarding the success of AI practices, according to the study conducted on 44,448 Churra sheep, the fertility outcome of the intravaginal insemination was decreasing in 1.7% per year with the ewes being aged and the difference was more visible when the laparoscopic insemination method was performed (2.0%) (Anel et al. 2005) . Furthermore, they discovered that the fertility rates of vaginal insemination increases until 3.5 years of age, peaks up to 4.5 and begins to decrease after that. In the present study, there was no significant difference between the 7 months old and 19 months old does regarding the pregnancy rates although the lambing rate was found higher in the younger age group.
In the present study, overall lambing rate was 1.19, which was varied from 1.45 to 0.9 regarding the age groups and was higher in younger animals; however, it was lower than the data collection of Andries (2017) , in which the rate was found 1.84. Animalrelated factors such as breed, age, body condition score, genetics, and environmental factors including season, weather, stress, nutrition, pasture composition have a great impact on the lambing rate. The change in the litter size with the aging was investigated by using the data from 29,567 Polypay and Suffolk breed ewes and resulted in the information that starting from the 1 year of age, the litter size increases, up to 4-7 years of age followed by a decrease after 7 years of age. Similarly, 15-month-old ewes had +0.21 litter size as compared to 12-month-old ewes (Notter 2000) .
Apart from these factors, the difference in the lambing rate might have mainly been caused by two reasons. The enhanced prolificacy rate of younger animals can be linked with the increased hormonal response, considering the same PMSG doses were used for both groups. Besides, in our previous study (Tirpan et al. 2019) , higher PMSG doses (400 to 500 IU) have led to the alterations in the timing of ovulation and 500 IU dose shortened the duration of estrus behaviors in Angora goats. In addition, it has been reported that the PMSG doses significantly affects the conception rates (Hill et al. 1998) . The survey study of 28,444 Merino ewes, which were inseminated laparoscopically revealed that starting from the dose of 200 IU (62.4%) the conception rate increases with peaking at 300 IU (79.1%) and decreasing above 375 IU (69.4%).
Besides from that phenomenon, the embryonic mortality rate was higher in older does (25.0%) than in younger ones (5.8%). Embryonic failures may lead to critical economic loss to the breeders of seasonally bred reproducing animals such as sheep and goats since when it is detected, it is often far beyond the point to rebreed the females (Diskin and Morris 2008) . Various factors such as breed, genetics, nutrition, ovulation rate and previous pregnancy history could affect the survival rate of the embryos (Bolet 1986) . Although similar embryonic mortality rates were observed among different species like pigs, sheep and goats, different mechanisms are accounted for these losses. On contrary to sheep, in pigs, the effect of the breed has more importance than the ovulation rate and the main reason behind the embryonic loss in goats is the failure of corpus luteum (Wentzel 1982) since as distinctive from the sheep; gestation is dependent on corpus luteum in goats. Samir et al. (2016) , investigated the effect of parous and breed on the embryonic and fetal failure in Zaraibi, Damascus and crossed breeds and obtained that the overall incidence was 41.3%. According to the results, significant differences were obtained regarding the age and the breed. Similar to the present results, the incidences of embryonal and fetal failures were encountered more frequent in does older than 3 years of age (44%) compared to the younger ones (38%) (p<0.05). Although when the effect of the breed was also taken into account, this outcome was reversed in Zaraiebi breed as the higher embryonic mortality rate was obtained in younger animals. Furthermore, contrarily with the present study, the incidence has found higher in nulliparous does (42%) than parous ones (40%) p (<0.05). However, in Damascus and Crossed breeds, nulliparous does have shown the reversed results, with lower incidences (p<00.5). In sheep, a substantial-high 292 percentage of incidence in parous merino and Pleven blackhead sheep were observed without any significant difference in the IIe de France breed (p<0.05) (Yotov 2012). It was concluded that previous pregnancy status of the animals had a different effect on the embryo loss within each breed indicating the importance to build up strategies to optimize the fertility of small ruminants in each breed. The increase of the incidence of embryonic failure in parous females could be due to the possible microbial contamination of the uterus during the previous pregnancies that could lead to alterations in the environment of the uterus and/or could cause cytolytic effect on the embryo as well as the epithelial changes of the uterus (Yotov 2012 , Vanroose et al. 2000 .
In conclusion, Saanen does in younger ages, starting from the 7 months old age could be included in the breeding programs and could provide several benefits such as higher percentages of synchronization success and prolificacy in addition to the decreased frequency of embryonic failures; however, it is necessary to consider the variations of the reproductive parameters among different breeds. Besides, cervical insemination technique could easily be applied on a larger scale farm, and it could be considered as a method that simplifies the use of frozen buck semen in Turkey.
